Abstract This article comprises a literature analysis of 41 river rehabilitation projects to assess the shortterm (5 years) ability of indicator groups to demonstrate progress towards river rehabilitation goals. Positive indications were compared to land-use, river size, rehabilitation intervention and time. A questionnaire was developed to investigate river manager's interpretation of rehabilitation success and to assess their level of adherence to recommendations in the literature with regard to rehabilitation assessment on a conceptual level. A total of 54 responses were received from respondents based in Germany, The Netherlands and the United Kingdom. The results indicate that macroinvertebrate indicators, while widely used in assessing river rehabilitation efforts, exhibited a lower frequency of positive responses than most other indicator types in the short term. Conversely, terrestrial floodplain indicators exhibited the most frequent level of positive response for all ecological type indicators leading to recommendations for further investigations into their use for short-term monitoring. Assessment procedures recommended in literature are largely followed, illustrating the advances that have been made with regard to assessment planning. Indicator responses are influenced by scale factors, for example, land-use and river size, that are often not considered by rehabilitation managers. While an emphasis is placed on ecological, hydrological and morphological indicators in monitoring schemes, the socioeconomic perspective (emphasized in the literature as forming an integral part of the river system) is neglected.
Introduction
Worldwide, there has been increasing interest in the rehabilitation of freshwater systems in an attempt to mitigate against the effects of long-term degradation. An example of legislative formalization of the rehabilitation philosophy is The European Water Framework Directive (WFD). The WFD sets out goals for the attainment of a good ecological status or potential for all surface waters within the European Community to be achieved by the year 2015 (EU, 2000) . This target suggests that the success of river rehabilitation projects should be judged with respect to the WFD guidelines.
The WFD recommends monitoring to determine the level of degradation that is present in surface waters (EU, 2000) . However, monitoring designed to observe qualities that have developed over decades or even centuries, is not likely to be suitable for the observance of difference in the first few years following a river rehabilitation project (Jahnig, 2007) . The ultimate goal of good ecological status may, therefore, take decades to achieve. The variable response of different ecosystem elements also poses challenges for rehabilitation monitoring. River restoration effects reveal spatial and temporal differences in the response of organism groups (Jahnig et al., 2009 ). In the Kissimmee River project in Florida, it was projected that aquatic plants would recover in 3-8 years, invertebrates in 10-12 years and fish in 12-20 years (Trexler, 1995) . This, combined with delays caused by temporal phenomenon such as drought and dispersal, do not cause restoration to fail, but instead, may push response times beyond those over which monitoring is typically funded (Bond & Lake, 2003) . The challenge, therefore, is to identify indicators of progress towards, rather than achievement of the goal of good ecological status. Indicators of progress constitute measurable changes occurring within the first few years following project completion that suggest that a rehabilitated river reach is heading towards the condition of good ecological status.
Indicators of progress are required to demonstrate possibly small changes over a limited duration following rehabilitation interventions. This increases the possibility that scale factors will influence indicator response. Scale factors can include abiotic and biotic 'filters' that interact locally, as well as climatic and geological 'filters' that interact at larger spatial and temporal scales working in a hierarchical fashion (Poff & Ward, 1990; Levin, 1992; Palmer et al., 2005) . In general, recovery appears to be related to stream size (catchment area) and hence colonization opportunities from upstream refuge areas (Friberg et al., 1998; Hansen et al., 1999) . Land-use also influences the path of recovery. In un-rehabilitated streams, land-use has been cited as the main driver behind macroinvertebrate composition (Quinn & Hickey, 1990; Young & Collier, 2009 ). Specific to river rehabilitation, land-use stressors may influence the path or block the effects of smaller scale river rehabilitation (Moerke et al., 2004; Entrekin et al., 2009) . The scale and type of rehabilitation intervention may also influence indicator response.
In general, where both large-and small-scale constraints occur, effective restoration requires a coordinated attack on both . However, rehabilitating all areas of a catchment is unrealistic (Brierley & Fryirs, 2009) , and the influence of land-use, catchment size and temporal factors all affect the condition of rivers and streams, and should be considered when planning rehabilitation (Ekness & Randhir, 2007) . While these type of effects are acknowledged in the literature, little attention has been focused on appraising their influence on indicators of short-term progress following river rehabilitation.
Conceptual elements required for an effective assessment of the results of river rehabilitation include the setting of objectives, initial monitoring prior to rehabilitation interventions, a comparison of the results of initial monitoring with the results of monitoring post implementation and the public reporting of results (Dahm et al., 1995; Bernhardt et al., 2007; Jansson et al., 2007; Woolsey et al., 2007) . In reality, assessment is often fragmented, assessing only certain outcomes, avoiding a holistic assessment of ecology, economy and society (Gillilan et al., 2005) . Additionally, little agreement exists on what constitutes a successful river restoration effort .
The focus of this study is to provide an initial impression of indicator groups that would be most appropriate for use as indicators of progress within the time limits set by the majority of monitoring schemes (5 years). In addition, the effects of scale factors on the results of ecological monitoring following river rehabilitation will be explored. A questionnaire is used to provide further insight into the attitudes of rehabilitation managers to the definition of project success and to explore possible reasons for indicator group choice. Questionnaire responses are used to investigate whether the poor implementation of the conceptual elements of assessment reported in the literature still persist in practice.
Method

Literature review
Data were collected in a literature review and a questionnaire distributed amongst river managers. The literature review aimed to identify indicator groups that demonstrated progress within an initial five monitoring years and allowed an analysis of indicator response with respect to scale factors.
Peer reviewed scientific articles were favoured over other information formats. Papers were selected using the following criteria: (1) the results from the practical assessment of river rehabilitation projects are reported, (2) ecological restoration is a main aim, (3) articles are ideally not published more than 10 years ago and (4) the results of monitoring within 5 years following rehabilitation intervention completion are reported.
Tables were generated, identifying the articles by author and listing scale factor categories that defined the land-use, river size, type of rehabilitation intervention and monitoring duration of each project. If reported separately, the results of articles that contained multiple rehabilitation sites were split into their individual locations.
All individual positive and negative indicator responses within the monitoring results of each article/report were collected and tabulated. A positive indicator response was defined as an indicator response demonstrating progress towards rehabilitation goals within the first 5 years of monitoring. Changes caused directly by interventions themselves, i.e. those involving no evolution away from the initial state created by the interventions, were not included in the analysis. An example of this could be an increase in sinuosity that is a direct result of digging fixed meanders. Any monitoring results that were recorded after the failure of an intervention were also omitted. Statistically insignificant, positive indicator responses were combined with negative responses where statistical analysis was undertaken. An example of statistically insignificant, positive indicator responses would be one where a positive trend was suggested but the sample was too small to provide a significant result. If no statistical analysis was undertaken, for example, where variables were not defined quantitatively, indicators that clearly demonstrated a move towards the objectives of river rehabilitation were assumed to be positive. Negative responses were defined as a cumulative movement away from rehabilitation objectives over the total monitoring period or a complete lack of indicator response.
Once tabulated, positive and negative indicator responses were totalled per indicator group and the number of positive responses expressed as a percentage of the total number of responses found. Subsequently, positive and negative responses within ecological indicator groups were classified according to project river size, land-use, intervention type and monitoring duration scale factors and the results compared for each using bar graphs.
River size was classified qualitatively into the broad subgroups of small, medium and large. These were broad enough to allow the categorization of rivers described in the literature using diverse and qualitative methods, but also allowed a search for trends in the data. A subjective judgment was made using descriptions of catchment size, stream order, channel width measurements at the rehabilitation location, photographs and information obtained from internet sources. The results, therefore, give only an indication of indicator response relating to river size.
Land-use was defined using the following subgroups: urban, agricultural, forestry, limited anthropogenic input and mixed land-use. Projects that suggested a mixture of land-uses were put in a separate mixed land-use category. If required, supplementary information was collected from internet sources.
Rehabilitation interventions were classified into the subgroups of in-channel habitats (ICH), morphological and lateral connectivity. The ICH category consisted of small-scale interventions designed to improve local habitat conditions within the river channel itself e.g. artificial riffles. Morphological interventions were defined as larger scale changes to channel morphology including interventions such as re-meandering and bank and channel re-profiling. The category of lateral connectivity includes interventions that improve the connection between the river channel and its floodplain such as the removal of dikes. All other projects that could not be defined in these categories were allocated to the category 'other'. These involved interventions that, for example, were difficult to categorize spatially such as changes in flow regime that may just involve changes in discharge but may also increase the inundation of the floodplain. Positive indicator response was also compared with time to establish if there was an optimum time scale within the first 5 years of monitoring where a majority of indicator groups showed progress.
Questionnaire
A questionnaire was developed to support and expand the scope of the data obtained from the literature study. Manager's concept of what constitutes a successful rehabilitation project was explored. The concept of success was operationalized using the themes of ecological, learning and stakeholder defined in Palmer et al. (2005) . These definitions were supported by Gillilan et al. (2005) and Jansson et al. (2005) . This operationalization method was chosen due to its recognition by a variety of authors and its comprehensive nature. Potential project objectives were derived from themes of success as described in Table 1 . A coding system was used to facilitate the reporting of results.
Responses were generated from Likert type scales designed to gauge the level of importance that managers attached to each objective in relation to project success (1 being of little importance to 5 being very important). Respondents were split into their separate nationalities and analysed statistically to ensure that responses did not vary between countries. Respondent speciality (ecology or nonecology) and the size of river rehabilitation projects were statistically analysed to discover if these characteristics had a bearing on the application of monitoring methods and interpretation of success. The data were non-normal in distribution; therefore, analysis was undertaken using non-parametric statistical tests (Mann-Whitney U test and v 2 test). Finally, the results for individual objectives were combined to identify the relative importance placed on different themes by managers.
The second half of the questionnaire was devoted to discovering if conceptual steps taken to practically assess rehabilitation projects reflect theoretical recommendations. These steps can be summarized as an assessment of the initial state of degradation, development of a reference state, the formulation of objectives and the presence of a monitoring and assessment system (Dahm et al., 1995; Kondolf, 1998; Lake, 2001; Jansson et al., 2005; Palmer et al., 2005; Stoddard et al., 2006; Woolsey et al., 2007) . a Objectives rated for importance to the success of river rehabilitation, mode average (1 being of little importance to 5 being very import)
The questionnaire was piloted and then translated to German. Lists of potential respondents with experience in the management of river rehabilitation projects were generated for the United Kingdom (n = 100), Germany (n = 100) and The Netherlands (n = 20). Lists of questionnaire respondents were not taken from projects considered during the literature review. Instead, internet sources, reports, a database held by the UK River Restoration Centre and previous distribution lists were used to provide respondent lists. The respondent lists were analysed for representativeness by assessing if any respondents had worked on the same rehabilitation projects. Three out of the 27 UK respondents were found to have taken part in the same project. This project was extensive, however, covering 7 km of river over six sites within the UK River Avon catchment. Additionally, these respondents represented different disciplines suggesting that their responses would originate from different perspectives of practice. No German or Dutch respondents were found to have worked on the same projects. Once the questionnaire was sent, three reminders were delivered by email at 2 week intervals to improve response rates.
The data obtained exploring the practical application of the conceptual methodology of river rehabilitation was summarized using content analysis and percentage response.
Results
Literature review
The results from the monitoring of 41 rehabilitation projects employing a total of 342 individual indicators were distilled from 239 publications found during the literature study. Details of the total number of indicators analysed related to the number of source articles and reports per indicator group are given in Table 2 .
Indicator groups that demonstrated progress towards rehabilitation goals within an initial five monitoring years
The largest positive response was demonstrated by non-ecological indicators, with the exception of terrestrial species (Fig. 1) . Macroinvertebrates demonstrated the poorest response of all indicator types with the exception of physico-chemical indicators. In this study, macro-invertebrates were the most frequently utilized indicator of any type for short-term monitoring. Functional indicators demonstrated a relatively frequent positive response; however, this must be viewed with respect to the relatively low sample number. In only one study analysed was an indicator of stakeholder satisfaction applied, no other examples of socioeconomic indicators were found, this group was therefore not included in the bar graph.
Overall response of ecological indicators per river size
Data comparing river size with the response of ecological indicators (Fig. 2) demonstrate that in the first five monitoring years, the larger the river, the more likely ecological indicators will respond.
Overall response of ecological indicators per land-use type
The number of positive response varies in a way that reflects the level of stress that the land-use confers on the ecosystem (Fig. 2) . More natural systems (forestry and systems characterized by limited anthropogenic influence) appear to respond more slowly or have a more limited response to rehabilitation interventions.
No respondents to the questionnaire reported a consideration of land-use stressors, specifically, in the formulation of objectives. Considerations to land-use were related to issues of spatial planning and stakeholder requirements in most cases.
Overall response of ecological indicators per rehabilitation intervention type
The manipulation of ICH is less likely to produce positive responses in ecological indicators in comparison with other approaches that employ larger scale morphological interventions and reinstatement of lateral connectivity with the floodplain (Fig. 2) .
Overall response of ecological indicators per monitoring year
The variation in the between year data indicates that there is no obvious optimum monitoring duration within 5 years that would provide the most positive indication of the progression of a rehabilitated river system towards ecological objectives (Fig. 3) . The relatively large positive response at 5 years must be viewed in respect of the low number of indicators analysed.
Questionnaire responses
Importance of themes to project success
Responses related to the importance of project objectives and respondent characteristics are described in Tables 1 and 3 . Analysis demonstrated that ecological objectives were seen by rehabilitation managers as most important to a definition of project success. There was no significant difference observed between respondent specialties or German and British respondents (Table 4) . Ninety-four percent of rehabilitation managers involved stakeholders in the formulation of objectives for river rehabilitation projects (n = 53). However, only a small proportion of respondents included an indicator of stakeholder satisfaction in their assessment to gauge the success of their projects (Fig. 4) . Objectives that combined to form the stakeholder theme within the questionnaire were rated as being of less importance to the success of rehabilitation projects compared with the learning and ecological themes. There was no significant difference observed between respondent specialties or German and British (Table 4) . Respondents rated objectives related to the importance of learning success second after ecological type objectives. Again, there was no significant difference observed between respondent specialty or German and British respondents (Table 4 ). The dissemination of project results was included in the objectives in 77% of rehabilitation projects referred to in questionnaire responses (n = 47).
Comparison of theoretical concepts and practical application
The main conceptual elements of river rehabilitation assessment recommended in the literature were demonstrated to be present in projects carried out in practice (Tables 5, 6 ). One notable result is the relatively high number of respondents who undertook an assessment of outcomes but neglected to compare monitoring results with project objectives or the initial degradation state. There was no significant difference found between either respondent specialty and project size or the scope of inclusion of spatial elements (Table 4 ). An analysis examining possible relationships between the application of reference state and respondent specialty was invalidated due to insufficient sample size. The macroinvertebrate indicator group was used most frequently for project monitoring, whereas socioeconomic and physicochemical type indicators were used the least (Fig. 4) . There was no significant Fig. 4 Percentage of total respondents who reported incorporating particular indicator groups in their monitoring approach difference between respondent specialty and the application of morphological indicators v 2 (1, N = 42) = 0.73, P [ 0.05. In other cases, however, analysis was not possible due to insufficient sample size.
Discussion
Methodological limitations
During the research process, a number of methodological limitations were identified. First, it could often not be ascertained whether a lack of indicator response was due to a non-response of the indicator or the result of an ineffective intervention. An example of this is the introduction of river bed material of the wrong grain size when attempting to encourage fish spawning. Also, the influence of other large-scale limiting variables, such as diffuse pollution, might have resulted in a lack of indicator response. The results are therefore expressed in terms of percentage positive indicator response. The use of percentages also introduces negative indicator responses to the analysis. However, the resultant uncertainty is the same for all indicator groups analysed which reduces its influence during group comparisons.
Second, it was sometimes difficult to establish whether a development, particularly related to morphology, demonstrated a positive move towards river rehabilitation goals. Often morphological developments were not evaluated in relation to project goals. Only morphological development that was stated to be a progression towards project objectives or the general goals of river rehabilitation was considered a positive indicator response. This interpretation tends to reduce the number of positive indications taken from literature sources. However, the results demonstrate that morphological response was rated highly suggesting that the influence of this uncertainty is limited.
Indicator groups that demonstrated progress within the initial five monitoring years Terrestrial flora and fauna indicators gave more positive short-term results following rehabilitation compared to other, within river indicators such as fish and macro-invertebrate indicator groups (Fig. 1) . Potential explanations are differing sensitivities relating to water pollution, colonization potential and the presence of habitats in the locality prior to the implementation of rehabilitation interventions (Jahnig et al., 2009 ). Individuals of most (riverine) taxa move only short distances over their lifetime, this immediately constrains the probability that restored habitat will be colonized, particularly in the short term (Bond & Lake, 2003) . Floodplain inhabitants, on the other hand, have previously been noted to be sensitive to river degradation and rehabilitation. Carabid beetles react negatively to channelisation and floodplain connectivity and floodplain plants may benefit from seed banks which are mobilized if sediment is relocated (Kangas, 1990; Lott, 1996; Hölzel & Otte, 2001 ). In general, riparian organism groups may be used as additional parameters to evaluate the short-term effects of restoration, while aquatic organisms may be better suited to reflect long-term effects (Jahnig et al., 2009) . In light of these results, the potential for terrestrial species to demonstrate early progress following river rehabilitation should be further investigated with a view to formalizing their use in short-term monitoring schemes.
Macro-invertebrates performed less well in comparison to the majority of other indicator groups. The poor response of macroinvertebrate indicators may be due to the natural variability that is attributed to this group. Natural variation has been demonstrated to reduce the sensitivity of macroinvertebrate indicators to change (Clarke et al., 2006; Blocksom & Flortmersch, 2008) . Variability in relation to space, time and sampling methods have been stated as significant factors that result in difficulties in identifying significant change in macro-invertebrate monitoring (Brooks et al., 2002; Sporka et al., 2006; Haase et al., 2008) . The results suggest that macroinvertebrate indicators maybe too insensitive to consistently identify early progress following river rehabilitation interventions. Macroinvertebrates were the most frequently used of all indicator groups in projects examined. The application of this indicator group for short-term monitoring should therefore be re-evaluated.
Non-ecological indicators of rehabilitation success were shown to respond most quickly to the interventions taken to rehabilitate river stretches. However, this result should be considered with a note of caution. Morphological changes are dependent on receiving a period of climactic normality including extreme events and/or climactic trends during the monitoring period (Downs & Kondolf, 2002) . Monitoring duration must, therefore, be tailored to the climactic norms of the region under surveillance.
The influence of scale factors on indicator groups Indicators were observed to respond more positively with increasing river size (Fig. 2) . This has also been observed by others. Recovery appears to be related to stream size (catchment area) and hence colonization opportunities from upstream refuge areas (Friberg et al., 1998; Hansen et al., 1999) . The dispersal ability of riverine organisms has been implicated as a possible reason for this. With the exception of most insects, and fish in lowland rivers, natural re-colonization of restored sites is only likely to occur from sites within the same stream (Hughes, 2007) . The results emphasize the importance of species colonization potential and the presence of local source populations in the choosing of rehabilitation locations.
The influence of land-use on river systems is widely documented. Stream ecosystems are constrained by phenomena acting at different scales in a hierarchical fashion and influences beyond the spatial limits of the project reach will have an effect (Douglas Shields et al., 2007; Schwartz & Herricks, 2007; Kail & Hering, 2009 ). The results suggest that rivers with surrounding land-use that is associated with higher degradation may exhibit a greater potential for early signs of recovery (Fig. 2 ). An explanation for this could be a lack of distinction between species reflecting a natural reference state and colonization by species that are tolerant of landuse stressors. Tolerant species are able to take advantage of empty niches within initially highly degraded systems following local improvements in habitat quality (Den Hartog et al., 1992; Van der Velde et al., 2002) . The poorer response of rehabilitated stretches subject to lesser degrees of land-use stress may also be symptomatic of ecological resilience (Vugteveen et al., 2006) . Ecological resilience is characterized by a buffering effect where ecosystems absorb moderate levels of stress before measureable degradation occurs. Caution should also be applied as changes that bring a system in poor condition to good condition maybe more easily detectable and achievable than changes that bring a system in good condition to high condition.
In general, the influence of stressors beyond the boundaries of the restored area should be taken into account during rehabilitation planning, and restoration should occur at the appropriate spatial scale such that restoration is not reversed by the prevailing disturbance regime (Lake et al., 2007) . When asked about factors that were considered in the formulation of objectives for river rehabilitation (a question where land-use was given as an example answer), no questionnaire respondents referred to land-use stress in their responses. The influence of spatial factors, such as land-use stress, on monitoring results should therefore be emphasized to the managers of river rehabilitation.
The analysis of response of ecological indicators to rehabilitation intervention type indicated that interventions aimed at improving ICH induced fewer positive indicator responses on their own and in combination with other intervention types (Fig. 2) . These observations support the notion that larger scale morphological interventions will produce more positive results from monitoring schemes within 5 years. The involvement of the floodplain in rehabilitation interventions may increase the potential for overall system recovery in the short term by exploiting the recovery potential of terrestrial fauna and flora observed by Jahnig et al. (2009) . Larger scale morphological interventions such as re-meandering, if carried out correctly, may have a greater influence on natural habitat provision than smaller scale instream interventions that may also be more temporary in nature due to structural failure (Johnson et al., 2002) .
A high degree of variation was observed when all indicator groups were combined and then viewed in terms of percentage positive responses from year to year (Fig. 3) . During the initial phase (of rehabilitation), biotic elements and morphology will exhibit large spatial and temporal variation reflecting amongst-year differences in environmental conditions that have little to do with recovery from restoration (Friberg et al., 1998; Muotka et al., 2002; Petranka et al., 2003) . This suggests that monitoring should continue for longer than 5 years to gain a consistent view of progress towards rehabilitation goals.
Comparison of theory and practice: the conceptual building blocks of assessment and the interpretation of success The inclusion of objective setting, assessment of the degradation state, the use of a reference state and monitoring in questionnaire respondent projects suggests that river managers have taken note of past criticisms relating to the lack of proper assessment within river rehabilitation projects (Tables 5, 6 ). A potential area for improvement is in project assessment where 27% of respondents reported that an assessment was undertaken but monitoring results were not compared with project objectives or an initial degradation state.
Respondents reported that monitoring was undertaken in the majority of rehabilitation projects, contrasting with statements made in the literature. However, lack of standardization in project reporting and monitoring continues to hamper abilities to compare and analyse the outcomes of similar projects. The importance of standardisation has been emphasized as a determining factor in the effectiveness of river restoration (Gretchen & Allan, 2006) . Respondents emphasized, however, the importance of knowledge sharing to the success of river rehabilitation suggesting that practitioners would be open to efforts to standardize assessment in the future.
An important observation that was made during the study was the lack of formal assessment of the achievement of stakeholder and learning objectives during project assessment. This is reflected in the relative lack of importance placed on the stakeholder theme (Table 1 ) and supports separate observations that criticise the lack of holistic assessments in river rehabilitation (Gillilan et al., 2005) . Rivers cannot be considered as systems that are isolated from the surrounding human population, and society should be included in assessments of river condition. River system health has been defined as an expression of a river's ability to sustain its ecological functioning (vigour and resilience) in accordance with its organization while allowing social and economic needs to be met by society (Vugteveen et al., 2006) . The inclusion of socioeconomic elements to provide a holistic view of river systems is supported by others (Leuven et al., 2000; Lenders & Knippenberg, 2005) . In a more practical sense, socioeconomic elements are seen to permeate the planning and execution of river rehabilitation. Decisions related to river rehabilitation have to take into account trade-offs between ecological goals, ecosystem services, competing land-uses and costs (Reichert et al., 2007) . Rehabilitation managers should, therefore, consider the relevance of socioeconomic factors and formulate objectives and indicators to measure success in relation to their projects.
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